Taken together, these studies provide a compelling model for novel bacteriophage tubulins. With an overall filament morphology similar to TubZ (and ultimately to F-actin) [9] , 201f2-1 PhuZ and c-st TubZ seem important for forming a cytoskeleton within their host to organize the replication of their large genomes and to maximize their reproduction (Figure 1 ). Yet, many questions remain. As many of the in vivo experiments in the PhuZ study were done with overproduced protein, it will be important to assess the role of native PhuZ levels during the infection process, whether a phuZ null phage has significant defects, and whether cytoskeletal structures from native expression can be detected in situ. It will also be interesting to see how PhuZ interacts with other phage or host factors that might regulate phage DNA organization or PhuZ assembly. Indeed, Oliva et al. [10] found a gene adjacent to tubZ in phage c-st (tubY) that encodes a potent modulator of in vitro TubZ assembly. Finally, one major question is why these phages carry their own cytoskeletal tool with them, rather than make use of the host cell cytoskeleton as do eukaryotic viruses. One possibility is that large phage genomes require more stringent organization of their DNA and using a host factor for this purpose is too risky for the phage. Future studies will further illuminate this exciting new area of phage biology.
Programmed Genome
Rearrangements: In Lampreys, All Cells Are Not Equal How can organisms silence deleterious gene loci? A recent study has shed light on a very brute mechanism in a jawless vertebrate: the irreversible deletion of massive chunks of genomic DNA.
Marie Sé mon, Michael Schubert, and Vincent Laudet* It is commonly accepted that, excepting the combinatorial diversity of immune cells, cells from the same individual share the same genome. However, this dogma has been challenged by recent work demonstrating that the cells of a given organism represent a mosaic of genomes with random abnormalities introduced, for example, during aging [1, 2] . In contrast, clear cases of programmed genomic rearrangements, ranging from intra-chromosomal changes to the loss of complete chromosomes, albeit known for a long time, are still relatively rare. For example, in 1887 Boveri described the loss of chromatin during the development of the parasitic nematode worm Ascaris megalocephala [3] . This pioneering study was followed by similar descriptions in other parasitic nematodes, and also in copepods (crustaceans), dipteran flies (insects), hagfish (agnathan vertebrates), zebra finches (birds), bandicoots (marsupials) and even ciliates (protists) [4] [5] [6] [7] [8] [9] [10] [11] [12] .
A particular case of specific genomic reorganization in animals is the so-called developmentally programmed genome rearrangement (PGR) leading to the elimination of portions of chromosomes (chromatin diminution) or the loss of entire chromosomes (chromosome elimination) during embryonic development [4] . PGR thus describes the loss of DNA in somatic cells during early development, producing a somatic genome that is different from the germline genome, which is not modified in this process [4] . The first thorough genomic analysis of this process in a vertebrate, carried out by Smith et al. [13] , is presented in this issue of Current Biology.
Following a study published by the same group in 2009 [14] , where they first discovered that the sea lamprey (Petromyzon marinus) [15] undergoes PGR during early development, Smith et al. [13] now describe in much greater detail the genomic consequences of these rearrangements. Lampreys together with hagfish form a monophyletic clade called the cyclostomes (jawless vertebrates), which constitutes the sister clade of the gnathostome (jawed) vertebrates [16] . With a combination of microarray-and high throughput sequencing-based approaches, they established a list of genomic regions lost during PGR. In a first step, using a customized microarray, they identified sequences enriched in the sea lamprey male germline relative to male adult tissues. This approach also allowed an estimate of the percentage of genomic sequences removed in adult tissues (13%), which is in accordance with previous estimates (20%) [14] . The microarray analysis was complemented with sequence data covering 10% of the genome of the male germline, which was compared to the sequences obtained as part of the lamprey genome sequencing project from the liver of a female sea lamprey [13] . The overall results from these genome-scale comparisons lend further support to the idea that the lamprey genome undergoes severe PGR.
Importantly, this study offers new insights into the nature of the sequences subjected to deletion. As a matter of fact, in the sea lamprey, both repetitive elements [14] and single-copy, protein-coding genes are subject to PGR-dependent deletion [13] . This finding contrasts with previous reports on PGR that chiefly reported the loss of repetitive DNA, such as satellite sequences [5] . It remains to be established whether the loss of specific genomic regions in the sea lamprey is a secondary effect due to the excision of neighboring repetitive DNA or whether a mechanism exists for targeting unique genomic sequences for deletion.
Previous analyses in hagfish, the sister group of lampreys, have revealed both chromatin diminution and chromosome elimination with repetitive elements generally accounting for the majority of the lost DNA [9] . The fact that PGR seems to occur in both cyclostome lineages raises the possibility that this mechanism is conserved within this lineage. Given the paucity of data about the occurrence of PGR in other vertebrates, it remains to be established whether PGR is an ancestral feature of all vertebrates or a derived feature that originated in cyclostomes.
In their study, Smith et al. [13] also found that the deleted genes function in transcriptional programs regulating germline versus somatic cell fates. It thus seems that in the sea lamprey one of the consequences of PGR is a functional limitation of somatic cells relative to the germline cells, which are not subjected to PGR. Future studies will need to address the question, whether the removed genes are deleterious when expressed in somatic cells or simply dispensable for development and survival. In addition, the results indicate that, in lampreys, the germline is defined well before the PGR event, which might coincide with the initiation of zygotic gene expression at the mid-blastula transition [14] (Figure 1) . In this context, it will be very important to assess the mechanisms controlling PGR in sea lampreys.
Some clues about the possible mechanisms underlying PGR come from unicellular eukaryotes. Indeed, ciliates represent a very powerful model for studying the molecular mechanisms underlying genomic rearrangements. These protists extensively remodel their genomes during nuclear development, from a germline micronucleus to a somatic macronucleus [12] . Intriguingly, while the removal of repetitive sequences in ciliates is imprecise, certain genomic regions are specifically excised in a process involving a domesticated transposase [17] . The recognition of the regions to be removed involves maternal somatic non-coding RNAs that protect zygotic DNA from elimination [18] . Along the same lines, data from parasitic nematodes suggest that maternal cytoplasmic determinants, probably containing RNA, play important roles in the protection from chromatin diminution [4] . While PGR protection might thus be a maternally controlled process, it is probable that the removal of genomic DNA in the developing embryo might well be controlled independently in each cell type or tissue. If this was the case, it is conceivable that PGR does not target the same genomic loci in different cellular contexts.
The findings by Smith et al. The representations of lamprey development are from [19] and correspond to the lamprey Lampetra reissneri.
it will be important to analyze the effects of the large-scale genomic rearrangements on global regulation of the transcriptome. These questions can be addressed, for instance, by using the latest sequencing technologies. Moreover, the molecular mechanisms of this PGR phenomenon in lampreys need to be studied, including the developmental timing and molecular components regulating both DNA recognition and removal. Taken together, we are just starting to unravel the biological significance of PGR, with the most fundamental questions remaining to be answered: what could this mechanism, which seems to be more widespread than initially anticipated, be used for and how conserved is this process in all living organisms? If PGR is indeed understood as an irreversible mechanism of gene silencing, it might be pertinent to compare and contrast PGR with known reversible mechanisms of gene silencing, including epigenetic modifications of chromatin and DNA. Two recent studies highlight how tandems of previously described actin nucleators collaborate to produce new actin filaments. One key player in these collaborations is formin, which appears to function as a modulator of filament elongation.
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The actin cytoskeleton of eukaryotic cells is characterized by numerous different structures, each composed of dynamic assemblies of actin filaments. These structures with their different geometric and mechanical properties are each tuned to perform particular cellular functions [1] . The first critical step towards the generation of a new actin structure is the targeted nucleation of individual actin filaments from a cytoplasmic pool of actin monomers. In the cytoplasm, nucleators are essential for generating new filaments because actin monomers are buffered by profilin to inhibit spontaneous actin assembly. After nucleation, additional factors are required to spatially and temporally control the elongation of actin filaments [2] .
Because our knowledge of the proteins involved in the nucleation of actin filaments has been limited for many years, it was naively believed that each nucleator is uniquely implicated in the generation of a particular type of actin-filament structure. The first actin nucleator to be discovered was the Arp2/3 complex. This complex has relatively similar biochemical properties in a variety of experimental systems tested so far, and its constituent proteins are conserved across a wide range of organisms [3] . For this reason, the Arp2/3 complex alone was often considered as the only contributor to all branched actin networks in cells, such as those found in lamellipodia or at sites of clathrin-mediated endocytosis. Formin was the second actin nucleator to be discovered. Formin assembles unbranched actin filaments, and typically remains processively associated with the fast-growing (barbed) end of the actin filament [3] . Formins are implicated in the regulation of linear bundles of actin filaments, such as yeast cables, filopodial structures or the contractile ring during cytokinesis.
Two important recent discoveries [4, 5] now challenge the concept that a distinct structure of actin filaments
